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300 GeV pion interactions in nuclear emulsion.

J. Hébert and I. Otterlund (Spokesmen)

In previous experiments (Project NALA 116, 233 and )
~we have studied the interactions of 200, 300 and 400 GeV protons
in nuclear emulsion. From these investigations we have pub-
lished results about charged particle multiplicities and angular
distributions. The publications are listed in enclosure 1.

In the proposed experiment we extend this work to the interac-
tions of 300 GeV negative pions in nuclear emulsion. The aim

is to compare the parameters (Nh, ng, n=ln tg 8/2) with those of
the interaction of protons in. nuclear emulsion.

The main features of this experiment will be:

1. Measure the average charged particle multiplicity.

2. Compare the yield of secondaries in pion-nucleus collisions

' to the known ones from pion-proton collisions, in particular
with regard to the correlation to the nuclear fragmentation.

3. Measure the angular distribution of the shower particles.

4. Look for any subtle difference between proton-nucleus and
pion-nucleus interactions, in addition to the inherent asym-
metry, which exists initially at the center of mass system
of a pion and a nucleon.

5. Search for charged charmed particles that would decay within
less than 1 mm from the primary event.

6. Study the twc particle correlation.

Emulsion stacks preparation and processing.

~Ilford K5 emulsion will be used. The preparation and milling
of the stacks will be done in Strasbourg. After exposure, the
horizontally exposed stacks will be processed in Lund

and Strasbourg. '

Emulsion dimensions and flux requirements.

"Flux: ~ 3 x 10" (particles/cm®).
3 stacks of 40 pellicles (7.5 x 10 x 0.06 cm’).



Beam characteristics.

-The beam should be as flat as possible over the central region
where the measurements will be made. One could expect
this region to extend over 2 to 3 cm. Energy of the w-mesons
300 GeV.

From the studies of the proton-emulsion interactions at PS-ener-
gies and at 200, 300 and 400 GeV we have a general picture of
the energy dependence of the observables. In particular the fol-
lowing features have emerged:

1) The correlation between target fragmentation (the number
of heavy prongs, Nh) and projectile fragmentation (the num-
ber of shower particles, ns) is strong. The correlation

is even:stronger between n, and ng (the number of grey-prong

tracks essentially knock-out protons).
2) The energy dependence of_<ns>A is similar to the energy

dependence of the corresponding mean multiplicity <ns>pp
in pp-collisions, but may exhibit a somewhat faster growth.

s

<n_>
- - - - S PP
the quantities R = R(Nh) and Nh = Nh(R) depends little upon

energy (except for certain contributions of diffractive

In particular from 1) and 2) we have that with R =,

and coherent type - but such events only influence events
with Nh = 0,1).

Also the higher moments of the multiplicity distributions
seem to be energy—ind?pendent if R and Ny are used as vari-
~ ables. :
3) - The angular distributions are similar to pp-distributions
for angles 6 < 9. but the angle 9. is energy dependent.

= -(In(tgB) - 1n 2) such that - >

nlab'gnlab,criff * In(Ry*m.)
with RA the nuclear radius and m. the pion mass. This "lab,critr
is energy independent.




The Gottfried model and other such models prgdict that nlab,crit

should grow with energy but not as fast as the data from 200 GeV

‘and 360 GeV seem to indicate.

4) The angle of the leading track (i.e. the track with the
smallest angle) seems to be only very weakly correlated to

n,_and N,. This opens the question of the inelasticity of

the interaction, in particular what amount of energy that

is carried by the leading particleDifferent theoretical mo-
dels do have very definite (and different) predictions in
that connection.

It is possible to disentangle the distributicn of the lea-
ding proton in different ways from p-A collisions. The an-
gular distribution of ti1at quantity seems to exhibit an A-

" dependence of the inelasticity. It is known from m-p re-
actions in bubble champers that it is a considerable en-
hancement in the pion production for small angles as com-
pared to pp reactions. This has been explained as a part
of a leading mesonic cluster. It is of considerable in-
terest to learn if this mechanism is at work also in w-A
collisicns.

~5) Topological cross section data in the range SO-SOOCQeV
-have been found to scale in the variable z = ns/sns>'with

a scaling function similar to that in pp interactions. The
scaling function may have a small dependence on the target
mass.

6) In the projectile fragmentation region the pseudorapidity
distribution is similar to that observed in pp reactions. -
However, there is a small deficit compéred to pp distribu-
tions. The rapidity distribution in the target fragmenta-
~tion region does not change with energy. With increasing
target mass the excess is observed in the target fragmen-
tation region and in the pionization region.

The aim of the proposed experiment is to study the general pictu-
rTe of the energy and mass dependence of the observables. In par-
ticular it would be fruitful to investigate the difference between
the rapidity distributions for pA and mA reactions. From the re-
sults of counter experiments (1) there are signs of an eventual
'cascgde mechanism for large angles. In that region it is known



from Pr and 7p reactions in bubble chambers that the
production of pion secondaries is very similar. According to the
models similar to Gottfried's it is expected that the excess in
hadron-nucleus interactions as compared to hadron-proton interac-
tions should be proportional to (v-1), i.e. the difference in
“"the number of collisions":

Ao

where ohp and OpA 2Te cross sections of hadron h on a proton- and
onanucleus with atomic number A respectively. Proton- and pion
projectiles have different values of v for fixed A. Therefore

a comparison between proton- and pion-yields for fixed A is sen-
sitive to discrepancies in the aséumption that the yield is pro-
portional to (v-1).

(1) w. Buza et al. Paper submitted to the XVIII International
Conference on High Energy Physics, Tbilisi, 1976.
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